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Abstract
Purpose Surgical treatment options for medial compartment
osteoarthritis of the knee include high tibial osteotomy, total
knee arthroplasty or unicompartmental knee arthroplasty
(UKA), depending on the patient’s age, level of physical
activity and the degree of deformity.
Methods In this study, we evaluated the long-term results of
patients who underwent the Oxford cemented meniscal-
bearing unicondylar knee prosthesis through a minimally
invasive approach including a clinical, functional and radio-
graphic assessment.
Results Favourable clinical and radiological outcomes were
registered overall at ten years after surgery. Overall results
of UKA according to the American Knee Society (AKS)
using Insall’s criteria showed an excellent or good outcome
for 492 knees (96.28 %), fair for 11 (2.15 %) and poor for
eight (1.57 %) in the post-operative long term.
Conclusions We believe that with appropriate surgical tech-
nique, patient selection, prosthetic design and specific train-
ing, surgeons should achieve good outcomes with the added
advantages of a minimally invasive approach. High volume
for this technique is important in our opinion.
Introduction
Surgical treatment options for medial compartment osteoar-
thritis of the knee include high tibial osteotomy, total knee
arthroplasty (TKA) or unicompartmental knee arthroplasty
(UKA), depending on the patient’s age, level of physical
activity and the degree of deformity [1–3].
There are two types of prostheses for UKA: fixed bearing
and mobile bearing [4]. The advantages of UKA include
preservation of bone stock, smaller incision with minimally
invasive surgery, less blood loss and shorter rehabilitation
period [5]. The early designs of UKA had a metal back and
fixed polyethylene component [6].
The main reasons for its rising popularity are the introduc-
tion ofminimally invasive surgical (MIS) techniques [7, 8] with
modified surgical equipment, the publication of the excellent
medium- and long-term results of the Oxford phase 2 arthro-
plasty [9–14] and the well-documented improved polyethylene
wear characteristics of the mobile bearing device [15, 16].
In June 1998, the minimally invasive Oxford phase 3
knee with a fully congruous mobile bearing was introduced.
There were minor modifications to the components, includ-
ing an increased range of sizes, but the articular surfaces
were not changed [6].
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There are only a few studies reporting the clinical results
and survival rates of the Oxford phase 3 UKA through a
minimally invasive exposure; most of the articles report on
short- and mid-term results [5, 6, 17, 18]. In this study, we
evaluated the long-term results of patients who underwent
UKA with the Oxford cemented meniscal-bearing unicon-
dylar knee prosthesis through a minimally invasive ap-
proach including a clinical, functional and radiographic
assessment.
Patients and methods
During the period 1999–2005 a total of 416 patients under-
went the Oxford phase 3 unicompartmental knee replace-
ment procedure (Biomet, Warsaw, IN, USA) in our
institution. The inclusion criteria for this revision study
were:
– Surgery performed by the same surgeon
– Complete preoperative clinical history, including data
corresponding with American Knee Society (AKS)
score items
– Patients alive in 2012
– Absence of previous surgery for osteoarthritis in the
affected knee
The number of patients who fulfilled the above criteria
was 402 (511 unicompartmental arthroplasties). The indica-
tion for surgery followed the recommended standards estab-
lished in the literature [19, 20]: medial compartment
osteoarthritis (489 cases) or avascular necrosis (22 cases);
presence of full thickness cartilage loss with bone eburna-
tion in the medial compartment in the case of arthritic
patients; intact anterior cruciate ligament; if varus deformity,
correctable at 20° flexion indicating that the medial collat-
eral ligament is functionally normal; presence of full thick-
ness cartilage in the lateral compartment, but a chondral
ulcer on the medial side of the lateral femoral condyle can
be ignored. On the other hand, the patient’s age, activity,
weight and the presence of chondrocalcinosis and patellofe-
moral arthritis were not considered contraindications to the
operation.
The cemented Oxford phase 3 UKA consists of cobalt-
chromium-molybdenum spherical femoral and flat tibial
components and a fully congruent polyethylene mobile
bearing device [21]. All operations were performed through
a minimally invasive approach [22]. The technique was
carried out under tourniquet in the affected limb and via a
short paramedian incision running from the medial pole of
the patella to the medial border of the anterior tibial tuber-
osity. This exposure did not compromise the extensor mech-
anism or the suprapatellar pouch. Before cementing, pulsed
lavage was used to rinse the subchondral bone. Antibiotic
prophylaxis with a second-generation cephalosporin was
used preoperatively in all cases and full weight-bearing
was allowed after removal of drainage after 24 hours.
In the year 2012, as in the preoperative stage, patients
were evaluated as follows:
– Clinical and functional assessment using the AKS score
[23]. Overall results of UKA according to this scale
were assessed using Insall’s criteria [23]. A knee score
of 100–85 was excellent, 84–70 good, 69–60 fair and
below 60 poor.
– Range of movement of the operated knee.
– Subjective patient evaluation was categorised as very
satisfied, satisfied, uncertain and dissatisfied.
– Radiographic assessment included measuring the
tibiofemoral angle and examining anteroposterior
and lateral radiographs of both knees in a standing view
for any bony change, loosening, wear or dislocated
components.
We were granted permission from the Hospital Ethics
Commission and received informed consent from all
patients.
The need for a sample size of 242 patients to detect
differences of 20 % in the clinical and radiological outcomes
of each evaluation was estimated. For statistical analysis the
t test of comparison of means for paired data was used. Prior
to the study of data obtained, the normal distribution of the
different variables considered was verified and clinical char-
acteristics of the patients included in the evaluation were
analysed. The mean age in the preoperative period was
59.02 years (standard deviation 8.63), the female to male
ratio was 2.5:1 and the mean body mass index was
27.08 kg/m2 (standard deviation 4.80). The mean duration
of symptoms until surgery was 45.08 months (standard
deviation 8.83). The presence of other pathological condi-
tions was: diabetes in 52 patients (13.04 %), rheumatoid
arthritis in eight patients (2.17 %) and peripheral vascular
disease in 72 patients (17.91 %).
Results
The following post-operative outcomes refer to a follow-up
period averaging 10.38 years (standard deviation 0.97) and
are in relation to the subgroup of 125 knees (95.45 %) that
did not undergo re-intervention to total knee prosthesis
(Table 1).
In this manner the mean AKS knee score before surgery
was 51.5 points (range 26–68). This value improved to 90.2
(range 72–100) points at follow-up. The average preopera-
tive AKS knee function score was 50.7 points (range 30–70).
It improved to 88.6 points (range 65–100) at ten years after
surgery. Overall results of UKA according to the AKS using
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Insall’s criteria showed among those patients an excellent or
good outcome for 492 knees (96.28 %), fair for 11 (2.15 %)
and poor for eight (1.57 %) in the post-operative long term.
The mean preoperative active flexion of the evaluated
knees was 105.5° (range 85–135°), with 461 cases in the
range of 85–110° and 49 in the range of 110–135°. In the
long term, the mean active flexion significantly increased to
130.9° (range 110–140°) (p<0.0001). There was no limita-
tion in knee extension post-operatively or before the
intervention.
Regarding the radiological assessment no femoral or
tibial component showed radiological loosening. There were
radiolucent lines less than two millimetres thick around 29
tibial components (5.68 %) without symptomatology.
Seventy-six patients (14.87 %) had minor osteoarthritic
changes affecting the lateral compartment, graded as
Ahlbäck 1, without symptoms. Preoperative varus align-
ment was on average, 6.8° (range 14° varus to 2° varus).
Post-operative long-term radiographic measurements
showed that the position of the femoral components was
within acceptable ranges with a mean of 3° valgus (range 6°
valgus to 7° varus). There was no posterior protrusion of the
femoral component. The position of the tibial components was
also within acceptable ranges with a mean of 1.5° varus (range
3° varus to 3° valgus) and a mean posterior inclination of 4°
(range 3–6°). All of the tibial components showed full congru-
ency with the medial, lateral, anterior and posterior planes.
Post-operative tibiofemoral alignment was on average of 3.2
grades of valgus (range 2° varus to 8° valgus)
Complications registered were as follows: pulmonary em-
bolism (one case, 0.2 %), deep venous thrombosis (six cases,
1.2 %), post-operative stiffness that required mobilisation
under anaesthesia (two cases, 0.4 %) and bearing dislocations
(two cases, 0.4 %) (Fig. 1).
In relation to the knees that underwent revision to TKA
(27 cases, 5.3 %), the mean time of re-intervention was
3.6 years after the primary surgery (range 1.5–7.4 years).
The reasons for the revision surgery and outcomes are
presented in Table 2.
Figure 2 shows the survival curve of the unicompartmen-
tal knee arthroplasties, with the point of failure defined as
revision of the prosthesis or any component part.
The overall level of satisfaction in the long term of all
patients included in our study (132) was very satisfied in
154 cases (38.31 %), satisfied in 203 (50.49 %), uncertain in
55 (4.23 %) and dissatisfied in 28 cases (6.97 %).
Discussion
This study reports the outcome of patients who satisfied the
recommended indications for the Oxford phase 3 unicom-
partmental knee replacement [24]: anteromedial osteoarthri-
tis, spontaneous necrosis, the medial and anterior cruciate
ligament should be functionally normal and the lateral tibio-
femoral compartment should not be significantly affected. In
anteromedial osteoarthritis there should be bone on bone
contact. As the outcome shown in our evaluation is favour-
able, these indications seem to be appropriate. However,
Table 1 Outcome of UKA
Value Preoperative
period
Follow-up,
10 years after
surgery
p
AKS knee
score (100)a
51.5 (12.4) 90.2 (7.82) 0.006*
Pain (50) 25.70 (4.51) 45.10 (7.85) 0.000*
Mobility (25) 13.87 (1.23) 20.62 (3.24) 0.000*
Stability (25) 11.93 (1.13) 24.58 (4.28) 0.000*
AKS knee
function (100) a
50.7(18.5) 88.6 (17.8) 0.007*
Walking (50) 28.35 (5.14) 47.30 (8.19) 0.000*
Stairs (50) 30.85 (5.33) 44.75 (7.17) 0.000*
Deductions (−20) −8.50 (3.16) −3.45 (2.44) 0.997
X-ray tibiofemoral
angle b
−6.8° (4.2) 3.2° (3.1) 0.000*
Mean value and SD; n=126 knees
*Statistically significant results (p value<0.05)
a Points
b Varus: minus value; valgus: positive value
Fig. 1 Bearing dislocation in a UKA 10 months after surgery because of
a mismatch between the tibial and femoral implants. Black arrow shows
the polyethylene component in an anterior and superior position
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despite the fact that clinical outcomes are encouraging, it has
been stated in the literature [6] that more than one third of
the patients that have undergone a total knee replacement
could have benefited from a unicompartmental replacement.
In accordance with the previous studies [25, 26], our long-
term assessment confirms that overall good results may be
achieved using a minimally invasive approach for the implan-
tation of a mobile bearing unicompartmental prosthesis.
Pandit and co-authors [6] report a 97.3 % survival rate of
this implant at seven years and 96 % of their patients have a
good or excellent AKS score [23] at five years with a mean
flexion of 133°. In our series, we have found similar clinical
outcomes, with an excellent or good outcome in 96.3 % of the
revised patients with a mean active flexion of 131° ten years
after surgery.
Complications of unicompartmental knee replacement are
relatively few. However, in most of the cases there is contro-
versy about the causes of complications and appropriate treat-
ment [27, 28]. Known complications of UKA are polyethylene
wear and breakage, dislocation of the polyethylene spacer,
aseptic loosening, infection, lateral compartment osteoarthritis,
proximal tibial fracture, limited motion and unexplained severe
pain [28]. In our series local complications described made
reference to post-operative stiffness that required mobilisation
under anaesthesia (two cases, 0.4 %), bearing dislocations (two
cases, 0.4 %), aseptic loosening of the tibial component (four
cases, 0.8 %), infection (15 cases, 2.9 %) and persistent unex-
plained pain (eight cases, 1.6 %); these rates are not very
dissimilar from previous studies [21, 25, 27–29]. Bearing dis-
location is a peculiar complication to mobile bearings, as in the
case of Oxford phase 3 prostheses and primarily occurs shortly
after surgery [29]. This fact is probably be attributed to a
technical error during surgery. A mismatch between the tibial
and femoral component, and/or size of the bearing itself, might
lead to failure [21]. Saragaglia et al. [30] consider that the
navigation of only the tibial bone cut is a reasonable option
and invaluable in the positioning of mobile bearing UKA,
where the risk of overcorrection should not be underestimated.
It has been reported that UKA conversion to TKA is
associated with poorer clinical outcome as compared to pri-
mary TKA [31]. The most common cause of revision surgery
in our series was infection. These data might have been
influenced by the high rate of diabetes registered in the indi-
viduals studied. In fact, 11 of the 15 cases revised because of
infection were in patients affected by diabetic disease. The
complication with the worst results was unexplained pain.
Table 2 Summary of revision surgery for UKA
No. of cases Mean time from UKA
replacement (range)
Complication Treatment Outcome at
follow-upa
15 30.8 months (9–68) Infection Total knee replacement:
two-stage revision with antibiotics
Good result: 12 cases
Fair result: 3 cases
2 12.5 months (8–17) Bearing dislocation Bearing exchange Good result: 2 cases
8 31.8 months (13–53) Persistent pain Total knee replacement Fair result: 1 case
Poor result: 7 cases
4 43.2 months (31–75) Aseptic loosening
of tibial component
Total knee replacement Good result: 3 cases
Fair result: 1 case
a AKS outcome using Insall’s criteria
Fig. 2 Survival rate of UKA
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This suggests that in those cases patients should be thoroughly
investigated and carefully followed up, and revision for unex-
plained pain must be avoided as it might not be warranted.
Compared to previous authors, a low incidence of radio-
lucency was found at the ten-year follow-up [6]. Like others,
we conclude that these radiolucent lines have no clinical
relevance [6, 21]. To reduce the incidence of radiolucency
and to improve long-term fixation Clarius et al. [32] recom-
mend the routine use of pulsed lavage.
To sum up, long-term follow-up results of UKA through
a minimally invasive exposure demonstrate predictably
good outcomes comparable with those of total knee replace-
ment [6, 21, 24]. We believe that with appropriate surgical
technique, adequate patient selection and prosthetic design a
trained surgeon should achieve good outcomes with the
added advantages of a minimally invasive approach. High
volume for this demanding technique [33, 34] is important
in our opinion.
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